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Our report issued last August, entitled: 11 Determination of 
Traffic Parameters for the Prediction, Projection, and Computation 
o£ EWL1s,11 mentioned (para. 10, p. 67) an intuitive awareness of the 
problem of optional lane-use by t
'
raffic on multilane roads. Searching 
inquiries failed to produce the irt'formation sought However, this did 
not warrant withholding the previous report to resolve the matter. An 
interim recommendation, to assume that 85% o£ all traffic uses the 
outer lane (dual lanes in each direction), was submitted December 31, 
1968. Meanwhile, last summer, a team of observers from the Divi­
sion of Research monitored two sites on I 7 5 for a full week. The 
report submitted herewith relates the several findings. 
Ultimately perhaps, traffic will approach the capacity of all lanes 
available; however the level-of-service concept would not permit 
multilane facilities to be designed to reach full capacity within the 
designed life of the roadway. Instead, a new facility might be designed 
for Level-of-service A initially and eventually be expected to congest 
to Level-of-service C or D. Consequently, some choice or option 
with respect to lane selection will continue somewhat indefinitely 
beyond the design situation. 
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From the standpoint of pavement design, it must be recognized 
that practically all of the traffic enters and exits from the right-hand 
lane; and, so, at some time all vehicles use the outer lane, but not at 
the same point. Those vehicles using the innermost lane, where three 
lanes are available, traversed the outer and middle lanes to get there. 
This, in effect, compounds the traffic in the outer lanes. Even so, a 
point-count sampling is considered a valid pro tem index of traffic in 
each lane. Semitrailer truck traffic tends to be steady and random-­
that is, irrespective of day and hour. Cars and single-unit trucks 
showed strong, diurnal peaks -- which would be normally expected. 
Conceptually speaking, we had hoped to discern discrete patterns 
of lane usage with respect to houriy volumes and from these patterns 
to synthesize a complete lane-use history over a design period (20 
years). Unfortunately, the regression (predictive) equations (on page 
24 of the report) are definitive only with respect to undifferentiated 
traffic using each lane. The distribution of trucks appears to be affected 
only slightly by the total volume of traffic. This rather implies that 
truck traffic is almost an independent statistic -- and becomes severely 
confounded when lumped together with automobile traffic. Because of 
this, we were unable to achieve the original objectives of the study. 
The findings may have fringe significance and may provide a basis for 
eventual resolution of several uncertainties now in view. 
The idea of designing all lanes for the same percentage of the 
total equivalent loading is identical to the idea of selecting the lane 
having the greatest loading as being the "design lane" and then designing 
companion lanes like it. 
The summation of equivalent loadings in all of the lanes available 
in one direction, when adjusted for lane distribution, must moderate 
the design requirements somewhat. Table 3 (page 20) shows a summary 
of the data collected during the week. Where two lanes were available, 
92. 5 percent of the trucks in the northbound direction used the outer 
lane, and 90. 6 percent in the southbound direction used the outer lane. 
Where three lanes were available, 69. 5 percent of the northbound 
trucks and 7 5. 0 percent of those southbound used the outside lane. 
Likewise, a significant portion of car traffic used the outside lanes. 
If an assumption that equivalent loadings is approximately in proportion 
to the number of trucks is admissible (that is, that trucks are the 
principal contributor to the summation of equivalent loadings), the 
above-cited percentages provide realistic guidance. 
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The PCA' s 11 Thickness Design for Concrete Pavements, 11 1966, 
made useful recourse to Taragin's study of 1958 (Reference 8 in the 
report) for the distribution of trucks on a four-lane, divided highway. 
Using Taragin' s graph, which is quite different from Figure 29 in the 
attached report, about 93 percent of the trucks would be expected to be 
in the outside lane during the low-volume night hours (approximately 
400 vph); at high volumes (1800 vph), Taragin's curve indicates about 
7 5  percent in the outer lane. In comparison, our four-lane section of 
I 7 5 showed 92. 5 and 90. 6 when averaged for a full week, irrespective 
of volume (the average hourly volume was 1334). The Asphalt Insti­
tute's "Thickness Design Manual (MS-1), 11 1963, suggests a probable 
range of 7 0  to 96 percent for a four-lane road and 50 to 96 percent 
for a six-lane road. Neither of these guides would have properly pre­
dicted the conditions as counted on I 7 5. Only the maximums in each 
case would have sufficed. 
In summary, it appears that at least 90 percent of the trucks on 
a four-lane road may be expected to use the outer lane and that at least 
7 5 percent of the trucks on a six-lane road should be expected to use 
the outside lane. 
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INTRODUCTION 
With the increased construction of multilane highway facilities in the past few years, the need for establishing 
corresponding design and traffic operational criteria for these highways has resulted. This is especially true for rural, 
multilane facilities, since few of these highways are not, as yet, operating at a critical level of traffic service. 
One area of traffic operational characteristics that has received very little attention in the past concerns the 
distribution of vehicles by lane on multilane highways. The capacity for these highways have been defined by the 
one-directional traffic volume rather than by the individual lane volumes. The distribution of the vehicle population 
on the individual traffic lanes would consequently influence the traffic volume level of capacity and. the vehicle 
operational level of service. 
The genesis of the study reported herein resulted from a recommendation proposed in a study recently 
completed by the Division of Research, Kentucky Department of Highways ( 1). That study was concerned with the 
development of traffic parameters for predicting design equivalent axleloads (EAL's). An assumption included in the 
present flexible pavement design method is that all EAL's are accumulated in one lane (the outside lane). Intuitively, 
this is known not to be the case for multilane highways under normal traffic operation. The elimination of this 
assumption from the present design method requires a quantitative knowledge of the lane distribution of EAL's on 
multilane highways. 
The importance of eliminating this assumption from the flexible pavement design methodology is realized when 
considering the possible decrease in construction cost. If a significant reduction in the design EAL's can be made -­
by allowing for the distribution of EAL's on lanes other than the outside lane, the design pavement thickness might 
be reduced (1). Such a reduction in pavement thickness is associated with a corresponding reduced construction 
cost. 
The development of the necessary criteria for establishing the feasibility of reducing the design EAL's would 
logically proceed in the following manner: 
1. Ascertain the relative lane usage relationships by vehicle type on multilane highways for all significant 
vehicle operational characteristics and roadway cross section design parameters. 
2. Develop the unit EAL values for each vehicle type and lane for the vehicle types mentioned in Number 
1. 
The product of the results obtained in these two procedural steps would result in a relationship defining the lane 
distribution of EAL's. The percentage of total EAL's (P(l)) in Lane 1 can be determined from 
P(1) = 2: P(i,Jl.) UEAL (i,Jl.), 1 
where P (i,.\1..) is the percentage of type i vehicles in Lane .Q., and UEAL (i).) is the corresponding average EAL's per 
vehicle for type i vehicle and Lane .Q. These individual parameters may be estimated from other relationships 
considering the local road design and traffic operation characteristics. 
The purpose of the present report is to provide the basic information necessary for estimating design EAL's for 
each lane for multilane facilities, In addition, the effects of several local conditions on the relative lane usage are 
examined and discussed. Recommendations for additional study needed in this area and other related areas are 
presented. In all cases, usage of the relationships derived in this report must be made with the realization of the 
limitations of the data sources and analysis procedures. These limitations are identified and discussed throughout the 
report. 
REVIEW OF AVAILABLE LITERATURE 
The majority of lane distribution studies made in the past have been concerned With multilane highways and 
fteeways located in urban areas. Detailed lane distribution studies (2,3,4) have been conducted to ascertain the 
influence of interchange entrance and exit terminals on the lane distribution of vehicles exiting (or entering) the 
facility, and the effect on the traffic remaining on the facility. 
Several conclusions presented by Surti (4) seem applicable to the studies referenced above: 
1. The operating characteristics of panel and pickup trucks are not significantly different from passenger 
vehicles. 
2. Throughout most of the study section, truck traffic stayed in the shoulder lane as required by law. This 
indicates that a large proportion of truck traffic always stays in the outside lane. An extremely large 
proportion of truck traffic in the outside lane indicates that this traffic is somewhat attentive to posted 
legal restrictions. 
3. The prediction of individual lane volume as well as total three-lane volume can be accomplished through 
the use of linear regression models. 
The above conclusions, although derived from studies of multilane facilities in urban areas, seem reasonable for 
similar highways in rural areas. These points will be considered later in this report. 
Several important lane distribution studies have been conducted by the Texas Highway Department. 
Heathington and Tutt (5) performed limited studies of lane usage at a total of fifteen locations on four-, six-, eight-, 
and ten-lane controlled access facilities located in Houston, San Antonio, Austin, Beaumont, Dallas, and Fort Worth. 
All counts were taken during the normal five-day work week in the summer of 1965. These counts were made in 
five-minute intervals by direction and by lane at each study location. Qualitative results from this limited study 
indicated that the percentage of traffic in the shoulder lane was inversely proportional to the total traffic volume. As 
a section of a six-lane facility approaches capacity, the lane usage percentages were found to approach a 35-35-30 
distribution for the median lane, middle lane, and shoulder lane, respectively, for a six-lane controlled access 
highway. 
An earlier study made by the Texas Highway Department (6) dealt with the subject of lane usage on multilane 
freeways in urban areas in greater detail. Lane distribution data were collected in two basic methods at different test 
locations: 1) one-directional hourly volume over a twenty-four hour period, and 2) five-minute lane counts during 
peak-hour traffic flow periods. Results from studies utilizing the first type of data collection procedure indicated the 
center lane invariably carried the highest percentage of vehicles when the traffic volume is between 3000 and 4500 
vehicles per hour. Traffic in the center lane usually averaged approximately 38 1/2 percent of the total traffic 
volume. It was also noted that the percentage of vehicles in the median lane varied directly with the total traffic 
volume whereas the percentage of vehicles in the shoulder lane varied inversely with the total volume. The 
five-minute data indicated that the shoulder lane does not accommodate more than 26 percent of the total traffic 
volume. The two inner lanes were found to accommodate approximately the same amount of traffic at volumes in 
the range of design capacity and above. Results from the few hourly counts made at the four�lane locations indicated 
that the shoulder lane carries approximately 45 percent of the total traffic volume while the median lane was found 
to carry approximately 55 percent of the traffic for volumes greater than 2000 vehicles per hour. 
The first significant lane distribution study made for rural multilane highways was conducted by the Public 
Roads Administration in cooperation with the highway planning surveys of several state highway departments (7). 
Lane usage data was obtained in this study to facilitate the development of practical carrying capacities for all types 
of multilane highway designs. Graphical relationships between the total traffic volume and the percentage of vehicles 
in each lane were developed for four�lane highways. Based on counts of over one hundred thousand vehicles, 
obtained on six undivided and five divided sections of highway, approximately 88 percent of the vehicles were found 
to use the shoulder lane at low traffic volumes. This value decreased to 50 percent when the total one-directional 
volume approached 1700 vehicles per hour, and to 40 percent as the total volume approached practical capacity. 
Approximately 12 percent of the vehicles were observed to straddle the lane line on divided highways. This value 
increased to 17 percent for undivided highways. 
The last comprehensive traffic study of lane usage on rural four�lane highways was.conducted by the Bureau of 
Public Roads in cooperation with seventeen state highway departments in 1958 (8). The four-lane studies were made 
at 39 locations with total one-directional hourly volumes varying from 200 to 1000 vehicles per hour and truck 
percentages ranging from 6 to 21 percent. In this study, the proportion of total traffic volume composed of 
commercial vehicles was found. to decrease as the total traffic volume increased. For a one-directional traffic volume 
of 500 vehicles per hour, 90 percent of the truck traffic and 75 percent of the passenger car traffic were found to 
use the shoulder lane. These percentages decreased to 75 and 53 percent, respectively, for trucks and passenger cars 
when the total volume increased to approximately 2500 vehicles per hour. Slight increases in these percentages were 
observed for hourly traffic volumes in excess of 2500 vehicles per hour. 
TEST LOCATIONS 
The previously discussed lane distribution studies had one area of similarity -- each study was concerned with a 
particular set of traffic and roadway geometries. Most of the recent studies involved lane distribution measurements 
at complex highway locations near freeway access ramp terminals. Of the remaining four studies, two were 
concerned with vehicle operations on urban freeways in Texas. The remaining two studies were conducted 11 and 26 
years ago. Since these times, lane widths and median widths have increased, average speeds have increased, and the 
vehicle classification has changed significantly. 
The development of a reasonable technique for simulating the generalized traffic volume distribution 
relationship must be based on a constant denominator of traffic operation and roadway geometric conditions. The 
most logical basis for this relationship would be associated with the simplest set of the above conditions. 
In light of the above observations, the following criteria were established as desirable in the selection of the 
highway test sites for the lane distribution counts made in the present study: 
1. The test sites should be located in rural areas, e.g., on highway segments carrying intercity traffic, 
2. Lane distribution counts should be made at a minimum of one six-lane and one four-lane segment of 
divided, multilane highway having fully controlled access. 
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3. These sites should be chosen so that there would be no influence from such lateral restrictions as access 
ramps, grade separation structures, tTaffic signs, and( or) rest areas. 
4. The test sites should be located on long, tangent highway segments. The tangent distances from the 
horizontal curves should be of sufficient length so that the lane distributions at the test site are not 
affected by these curves. 
5. The grade and rate of vertical curvature should be minimal throughout the tangent length (geometric 
design criteria stipulate a minimum slope for drainage purposes). 
6. The four- and six-lane test sections should be located reasonably near each other so that the traffic stream 
observed at both test sites are nearly identical. 
7. There should be a suitable observation point at each test site for the data collectors. This location should 
provide good visibility of the traffic operation while providing maximum concealment of the data 
collection operation. 
8. The cross section of the highway at the test sites should be typical of that constructed along the entire 
highway length. 
9, The pavement surface characteristic should be consistent, with respect to appearance and roughness, for 
all lanes and along the entire highway length. 
10. Striping should be distinct and properly positioned on the roadway. 
11. The physical condition of the shoulders and medians should be in an as-built condition. 
Description of Selected Test Sites 
Based on the selection criteria presented above, only one general location could be found in Kentucky -- I 75 
south of Covington. I 7 5 is basically a four-lane multilane freeway on which access is fully controlled. This freeway 
is a north-south route carrying traffic volumes much below capacity. 
Only one four-lane site and one six-lane site were selected for study. Since the present. study is primarily 
concerned with establishing the lane usage trends at a basic highway section, it was believed that a relatively large 
volume of data at one location of each lane configuration would be more advantageous than taking less data at 
several locations. 
Four-lane site. The four-lane test site (Site 1) was located approximately two· miles south of the Crittenden exit 
in Grant County. Some views of the roadway at this site are shown in Figure 1. The observer's view of the test site is 
shown in Figure 2. The corresponding drivers• view of the observer's position is shown in Figure 3. I 75 at this 
location is composed of concrete travel lanes and bituminous, hot-mix shoulders, The complete cross section of the 
test site is shown to approximate scale in Figure 4. A picture of the cross-section of the depressed, grass median is 
shown in Figure 5. 
This four-lane site fulfilled the selection criteria stipulated previously amazingly well. For this reason, the lane 
distribution data taken at this location are thought to be representative of the basic section of this highway design 
type. 
Six-lane site. The six-lane test site chosen for study was located approximately 1 1/2 miles south of the 
Florence exit in Grant County. This location is approximately two miles north of the rest area, and five miles north 
of the beginning of the six�lane highway segment at the I 71 exit to Louisville. 
Illustrations of the highway near this test site are shown in Figure 6. The observer at this test site was 
positioned on top of a large cut section adjacent to the northbound traffic lane (see Figure 7). The observer's view of 
the test site is illustrated in Figure 8. The extreme depth of this cut afforded a good view of all six lanes in the 
section. 
The cross section of the test site is shown in Figure 9. It should be emphasized that certain dimensions in this 
figure are only approximate. The picture of the median at this location (see Figure 10) shows that the median at the 
test sites have approximately the same dimensions and are of the same design �- depressed, grass medians. 
Selection of a six-lane section to fit all of the design criteria stipulated at the beginning of this chapter was 
found to be impossible. The two primary inconsistencies were: 1) a slight downgrade existed in the southward 
direction for both directional roadways, and 2) a sign denoting that the Florence exit would occur in one mile was 
located approximately 400 feet north of the--test site on the outside shoulder of the northbound lane. The first 
inconsistency was at first thought to have the most influence on lane distribution; however this effect was not noted 
upon analysis of the data (this is discussed in greater detail in latter sections). For this reason, this test site was 
thought to fulfill the selection criteria adequately. The results from this data were consequently adjudged as typical 
of a basic six-lane highway design having a depressed, grass median. 
DATA ACQUISITION AND ASSIMILATION 
Lane distribution counts were made at the four-lane and six-lane test sites in the summer of 1968. The counts 
were begun at 1 pm on July 9, 1968, and continuous hourly counts were maintained for one week (to 1 pm, July 
16, 1968). The choice of starting date was believed unimportant as long as no major changes in the traffic flow were 
anticipated. For this reason, the counts were not made in a time period containing a holiday. 
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a. Northbound View b. Southbound View 
c. View Looking North froin Observer's Position d. View Looking South f. om Observer's Position 
Figure I. Four-Lane Test Site 
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Figure 2. Observer's View of Four-Lane Test Site 
Figure 3. Driver's View of Observation Point (Four-Lane Site) 
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Figure 5. Median at Four-Lane Test Site 
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Figure 6. Six-Lane Test Site 
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a. Below Observation Position in Northbound Lanes b. Approaching Observation Position in Southbound Lanes 
Figure 7. Driver's View of Observatim1 Point (Six-Lane Site) 
a. Northbound b. Southbound 
Figure 8. Observer's View of Six-Lane Test Site 
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Figure 13. Vehicle Types 
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Major variations in the total traffic volume and traffic classification were anticipated between hours of the day 
and between certain days of the week. Mean lane dist-ribution criteria should be developed independent of the 
variable "time". Therefore, counts for only specific times of the day/&-or days of the week should not be used to 
simulate these mean values. Discounting the occurrence of holidays, etc., the shortest unit time interval displaying 
homogeneous traffic flow characteristics was the seven-day week. Since this time interval was feasibly short enough 
to make lane distribution counts with relatively little expense, this time interval was accepted as the testing period 
length. 
Data Acquisition 
Data acquisition was accomplished by observers positioned near each test site. An attempt was made to 
position these observers so that they would have an unobstructed view of the traffic while providing as much 
seclusion from the driver's view as possible, This was done to prevent the data accumulation procedure from having 
any influence on traffic operation. These locations are shown in Figures 1 and 6. 
Data Accumulation Procedure. The procedure for collecting lane distribution data consisted basically of 
observing lane usage by vehicle type for each vehicle passing the test sites. Lane distribution counts were made at the 
test sites in hourly intervals beginning at the start of each hour. Hourly time intervals were used since they were 
believed to be the smallest interval required for discerning variations in vehicle opera tion on rural highway facilities. 
The lane distribution data was recorded for a particular test site, direction of travel and hourly time interval on 
a data sheet prepared for the purpose. An example of these data sheets is shown in Figure 11. Because of the large 
number of autos anticipated at the test sites, counters were used for recording vehicle repetitions by lane. These 
counters were attached with the data sheets to a clipboard as shown in Figure 12. At the end of each hour, the 
counter readings were transferred to the appropriate places on the data sheets, the counters were zeroed, and a new 
set of sheets were started for the next hourly period. This procedure was repeated for all hours throughout the 
testing period. 
Designation of Applicable Variables. Although relative lane usage is influenced by a large number of variables, 
the consideration of one basic test site for four- and six-lane highways reduces this number considerably, The 
variables chosen as most applicable to the lane distribution study are shown in Table 1. Included in this table are the 
corresponding variable codes used to record the data. 
All variables listed in Table 1 are self-explanatory, except for the classification of the traffic with respect to 
vehicle type (see Figure 13). Preliminary observation of traffic operation at the test site showed that a few vehicle 
types (see Figure 14), which could not be classified directly by the coding scheme in Table 1, occurred rather 
frequently. In addition, the uniqueness of these vehicle configurations made the consideration of them as separate 
classifications extremely unreasonable. It was decided that the most logical alternative was that these vehicles types 
should be recorded in terms of the vehicle classification format presented in Table 1. Simulation was done with 
respect to the corresponding vehicle operational and loadometric characteristics. The adaptation scheme 
consequently adopted was to count axles touching the road and put the vehicle in the most reasonable class. 
Although this procedure is subject to much adverse discussion, the presence of these unique vehicle types in large 
quantities were thought to necessitate these modifications. 
An alternate vehicle classification system considered only autos (including single-unit two axled, four-tired 
trucks), single-unit trucks (including all busses), and combination trucks. This vehicle classification was chosen for 
establishing certain generalized lane usage trends as discussed later in the report. It should be observed that the 
derivation of the frequency tables for this vehicle classification system can be made directly from the raw lane 
distribution data. 
Problems Arising During Data Accumulation. One of the most significant problems concerned the 
distinguishing of various combination truck types after dark. This problem of inadequate lighting was greatly 
reduced by the headlights of trailing and opposing traffic and the light from the moon. The moon was fairly full 
throughout the test period. The error introduced into the analysis due to this difficulty was thought to be very 
small. Comparison of the relative combination truck types observed in daylight and nighttime hourly counts yielded 
no significant inconsistencies. 
The format of the data sheet (see Figure 11) necessarily required that a vehicle be observed in a specific lane. 
Some difficulty was often experienced in this designation when vehicles were changing lanes at the test section 
location. Since it is intuitive that the probability of a vehicle changing from a specific lane to another is equal to the 
probability of the reverse, all vehicles in the process of changing lanes at the test section were considered in the lane 
they were leaving. For cases where the vehicle changing lanes is obviously in a specific lane at the test section, the 
above criteria was disregarded, 
Error induced in the data from the problems discussed above were believed to be inconsequential. For this 
reason, all data was accepted for the analysis. 
Data Assimilation 
Considering the number of traffic lanes, the directions of travel, the one-directional totals, and the hourly test 
intervals, 2352 hourly sets of lane distribution data were taken at the four-lane and six-lane test sites. Each of these 
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Figure 14. Unique Vehicle Configurations 
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data sets is composed of ten values representing the hourly vehicular volume for each. vehicle type and the total 
number of vehicles in the particular lane. This means that a total of 23,520 data values representing 396,529 vehicles 
counted were obtained in this study. 
Transformation of Data to Computer Cards. Because of the large volume of data, analysis procedures 
employing computer techniques were clearly indicated. The transformation of the data from the data sheets to 
computer cards was implemented by the following procedure: 
1. The slash marks indicating the individual vehicle repetitions (see Figure 11) were summed for each vehicle 
type category of each data set. These calculations were then checked manually. 
2. A coding scheme was developed so that a complete data set appears on one computer card. The format of 
this coding system is shown in Table 2. 
3. The lane distribution data was coded according to the format presented in Table 2, and then punched on 
computer cards. A sample printout of this data is presented in Figure 15. 
4. Computer programs were written for the four-lane and six-lane data to search for coding and punching 
errOrs. Checks were made by adding the data for a particular hour, day, direction, and test site so that the 
data summed in both directions of the two-dimensional data array could be checked for equality. 
Inconsistencies in these summations were outputted and the appropriate corrective measures were taken. 
Alternative Coding Technique. The amenability of the lane distribution data to statistical analysis led to the 
development of the alternative coding technique. This format is presented in Figure 16. This transformation became 
necessary when the dummy variable technique was chosen for use in the multiple regression analyses (the dummy 
variable technique is discussed in detail in a later section of this report). Sample output data utilizing this alternative 
data format is also shown in Figure 16. 
Data Summaries. Generalized traffic trends can be developed for the four-lane and six-lane test sites by 
summarizing the data taken at these sites with respect to diversified variable combinations. Table 3 shows the total 
number of vehicles observed �t each test site as a function of vehicle type, direction of travel, and the lane in which 
each vehicle was observed. Total volume and total directional volume for each vehicle type are included in this table. 
The table was obtained by combining th'e data sets over the entire testing period. 
Modification of Table 3 to reflect relative vehicle type percentages can be made in several ways. Table 4 shows 
the percentage distribution of traffic by vehicle type for each lane taken separately for the four- and six-lane sites, 
respectively. Table 5 shows the percentage distribution of traffic by lane for each vehicle type taken separately. 
The summaries discussed above do not consider such variables as hour of day or day of week. Table 6 shows the 
daily traffic volumes for each day of the week at the test sites. In this table, the traffic volume is classified as total 
vehicles, total trucks and total combination trucks. A truc·k is defined in the present report as any commercial 
vehicle having six or more tires on the pavement surface. Table 6 shows ihat the larger auto volumes occur on the 
weekends (Saturday and Sunday), whereas the reverse is true for the single-unit and combination trucks. Because of 
the high percentage of autos, the total traffic volumes are also larger on the weekends. 
The generalized summaries presented previously in this section were developed before the lane distribution data 
wereanalyzed so that basic trends could be developed, Such information was instrumental in the selection of certain 
analysis procedures. Preliminary analyses of these basic trends indicated that the tra1;fic observed at these test sites 
was typical of most similar rural multilane freeways (9). 
DATA ANALYSIS 
Analysis Methodology 
The generalized procedure selected as most applicable for analyzing the lane distribution data taken in this 
study consisted of: 
1. Developing plots of lane usage versus traffic volume. 
2. Using muVtiple regression techniques for simulating the graphic relationships developed in Step 1. 
3. Computing the corresponding statistical errors of these relationships. 
Development of Data Plots 
Basic data plots were made for the data obtained in the lane distribution study to establish basic trends and to 
provide a graphic presentation of data scatter. Such plots were extremely useful in providing direction for 
establishing the multiple regression relationships required in the second phase of the data analysis. 
Because of the large number of data,. as discussed previously, plotter programming techniques were clearly 
indicated. Such a tool was available at the University of Kentucky Computing Center in the form of the CALCOMP 
plotter. This accessory takes the raw data, puts it in the proper form, and plots the individual points. The output of 
this process is the graphic representation of the desired relationship. 
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Codes 
1 
2 
Codes 
1 
2 
3 
4 
Codes 
4 Lanes - 1 
2 
3 
6 Lanes - 1 
2 
3 
4 
Codes 
1 
2 
3 
4 
5 
6 
7 
TABLE 1 
CODE DESCRIPTIONS USED IN LANE DISTRIBUTION STUDY 
I. Number of Lanes Code V. Time of Day Code 
Meaning Codes 
Four-lane highway 1 
Six-lane highway 2 
3 
II. Direction Code 4 
5 
Meaning 6 
7 
Northbound (NB) 8 
Southbound (SB) 9 
Eastbound (EB) 10 
Westbound (WB) 11 
12 
IlL LaneCode 13 
14 
Meaning 15 
16 
Shoulder lane ( SL) 17 
Median lane (ML) 18 
Total of 1 and 2 19 
Shoulder lane (SL) 20 
Center lane (CL) 21 
Median lane (ML) 22 
Total of 1, 2, and 3 23 
24 
IV. Day of Week Code 
VI. Weather Code 
Meaning 
Codes 
Monday 
Tuesday 1 
Wednesday 2 
Thursday 3 
Friday 4 
Saturday 
Sunday 
VII. Vehicle-Type Code 
Codes Meaning 
1 Autos 
2 Buses 
3 SU-2A-4T 
4 SU-2A-6T 
5 SU·3A 
6 C-3A 
7 C-4A 
8 C-5A 
9 C-6A 
10 Total 
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Meaning 
12pm - lam 
lam - 2am 
2am - 3am 
3am - 4am 
4am - 5am 
5am - 6am 
6am - 7am 
7am - Bam 
Bam · 9am 
9am - lOam 
lOam - llam 
llam - 12am 
12am - lpm 
lpm - 2pm 
2pm 3pm 
3pm 4pm 
4pm 5pm 
5pm 6pm 
6pm 7pm 
7pm Spm 
Spm 9pm 
9pm - lOpm 
lOpm - llpm 
llpm - 12pm 
Meaning 
Clear 
Partly Cloudy 
Rain part of hour 
Rain 
I I I 322 2 
2 322 2 
223 
65 
5 9 I I  
0 0 
I 
0 
3 IO 33 
0 0 3 
0 295 
0 69 
I I I 323 2 188 0 5 3 2 
0 
3 4 30 0 235 
33 
-----
I I 2 323 2 33 0 0 0 
I I 1 324 I I 73 0 I I 7 1 10 29 0 232 
·-·-L....L ?- 324 I 46 0 I 0 0 0 0 0 0 4 7 
I 2 I 3 1 I 90 3 4 0 1 8 32 0 139 ------- -----------------------------------
2 2 3 I I 27 2 0 0 0 0 0 1 0 30 
I 2 3 2 I 
? 2 3 ? 
2 I 3 3 
----· 
I 2 2 3 3 I 
94 
I J 
67 
8 
2 0 
0 
0 1 
3 0 
0 
0 
0 
0 13 34 0 146 
0 0 
0 10 
0 0 
2 0 15 
29 0 108 
·---T-z-.-3 "4:--rt---..,s.a9 
I 0 11 
-3..---rro--ror---.Inz.---.;.z�·u---rnoon---
___ , 2 2 3 4 1 0 0 0 0 0 0 Q Q I I 
I 2 I 3 5 I 71 0 I 4 2 0 a 21 0 107 
·------------------ ------- --------------------·----
1 2 2 3 5 1  6 0 0 0 1 0 0 2 0 9 
·--� 2 I 3 6 I 
_.L..?-.... 2 3 6 I 
1 2 1 3 7 1  
rl ·-.:--�2r---o�--��---....,---.,�s�,2�4r---or-,t>2�9r--
20 0 0 0 0 0 1 0 21 
135 I 3 5 0 3 4 20 I 172 
---· ·  -------------
2 2 3 7 
I 2 I 3 8 
�.......-?-. 2 3 a 
1 2 1 3 9 1  
2 2 3 9 
35 0 0 0 0 0 I 1 0 37 
IBIS I � 13 0 2 6 II 0 232 
72 0 2 0 0 0 I 1 0 76 
227 3 7 9 2 2 4 27 0 281 
--------- ---· ----
116 0 3 I 0 0 0 I 0 121 
-·-,---z-t"-:31-o-·-r---za-J""---o---""!51--.,.2"00 -e·-�31---tl"lll4c--'2"'4r---1!"--:;3t;'5i1'6r--
2 2 310 1 154 I 0 0 0 0 0 157 
1 2 I 311 308 0 10 12 2 6 9 26 0 373 
2 2 311 1 
--r·2 z 312 1 
2 2 312 I 
---------------------------------------
247 0 5 1 0 0 1 3 0 257 
317 
226 
1 
0 
JO 
0 
liS 4 
1 0 
9 22 
0 0 
Figure 15. Sample of Data Printout 
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Percent of total traffic in lane 
TABLE2 
LANE DISTRIBUTION DATA FORMAT 
Column Subiect Value 
1-2 Number of lanes code XX 
3-4 Direction code XX 
5-6 Lane code XX 
7-8 Day of week code XX 
9-10 Time of day code XX 
11-12 Weather Code XX 
13-18 Number of autos xxxxxx 
19-22 Number of buses xxxx 
23-26 Number of SU-2A-4T Vehicles xxxx 
27-30 Number of SU-2A-6T Vehicles xxxx 
31-34 Number of SU-3A xxxx 
35-38 Number of C-3A xxxx 
39-42 Number of C-4A xxxx 
43-46 Number of C-5A xxxx 
47-50 Number of C-6A xxxx 
51-55 Total Number of Vehicles XXX XX 
56-80 Blank 
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TABLE3 
NUMBER OF VEIDCLES OBSERVED 
Combination Single-Unit All Total 
Site Direction Lane Autos Buses SU-2A-4T SU-2A-6T SU·3A C-3A C-4A C-5A C·6A Trucks Trucks Trucks Vehicles 
NB SL 47973 297 2834 1491 164 595 1359 3577 23 5554 4489 10043 58313 
ML 27724 40 503 60 6 23 69 179 3 274 569 843 28607 
• • • 
4473 9959 54342 • SB SL 44144 239 2783 1505 185 581 1342 3541 22 5486 "' 
" ML 29981 78 602 87 6 25 78 223 0 326 695 1021 31080 " 0 
"' "' 
0 Totals 149822 654 6722 3134 361 1224 2848 7520 48 11640 10226 21866 172342 
NB SL 23380 186 2530 1722 179 610 1709 4114 21 6454 4431 10885 34451 
CL 49842 321 2207 506 38 114 348 1028 5 1495 2751 4246 54409 
• ML 22918 54 459 21 5 9 14 23 0 46 485 531 23503 • • • SB SL 24903 203 2754 1775 210 742 1775 4518 26 7061 4739 11800 36906 "' 
-� CL 47832 278 2002 382 31 88 258 684 0 1030 2415 3445 51555 
"' ML 22795 54 460 21 0 5 5 20 0 30 481 511 23360 
Totals 191670 1096 10412 4427 463 1568 4109 10387 52 16117 15302 31418 224184 
TABLE 4 
PERCENT AGE DISTRIBUTION OF TRAFFIC BY VEHICLE TYPE 
Site Direction Lane Autos Buses SU-2A-4T SU-2A-6T SU-3A C-3A C-4A C·5A C·GA 
� NB SL 82.27 0.51 4.86 2.55 0.28 1.02 2.33 6.14 0.04 w " ML 96.91 0.14 1.77 0.21 0.02 0.08 0.24 0.62 0.01 � "' 
� SB SL 81.24 0.44 5.12 2. 77 0.34 1.07 2.47 6.51 0.04 0 "" ML 96.46 0.25 1.94 0.28 0.02 0.08 0.25 0.71 0.00 
NB SL 67.88 0.53 7.34 5.00 0.52 1.77 4.96 11.95 0.06 
� w CL 91.61 0.59 4.06 0.93 0.07 0.21 0.64 1.89 0.01 " ML 97.51 0.23 1.96 0.09 0.02 0.04 0.06 0.09 0.00 � "' 
.� SB SL 67.47 0.55 7.46 4.81 0.57 2.01 4.81 12.14 0.07 "' 
CL 92.78 0.54 3.89 0.74 0.06 0.17 0.50 1.33 0.00 
ML 97,59 0.23 1.96 0.09 0.00 0.02 0.02 0.09 0.00 
TABLES 
PERCENTAGE DISTRIBUTION OF TRAFFIC BY LANE FOR EACH VEHICLE TYPE 
Northbound Southbound 
Site Vehicle Type SL CL ML SL CL ML 
Autos 45.91 54.09 45.72 54.28 
Buses 78.46 21.54 63.77 36.23 
� SU-2A-4T 73.30 26.70 72.52 27.48 w " SU-2A-6T 92.39 7.61 90.82 9.18 � "' SU-3A 93.33 6.67 94.44 5.56 
� C-3A 92.73 7.27 93.04 6.96 0 "" C-4A 90.66 9.34 90.81 9.19 
C-5A 90.83 9.17 90.17 9.83 
C-6A 80.00 20.00 100.00 0.00 
Autos 26.41 35.65 37.94 26.17 35.98 37.85 
Buses 39.26 43.70 17.04 41.67 40.91 17.42 
SU-2A-4T 54.94 30.39 14.67 56.05 29.26 14.69 
� 
SU-2A-6T 83.06 15.45 1.49 85.28 13.12 1.60 w " 
� SU-3A 85.25 11.47 3.28 90.48 9.52 0.00 "' 
� C-3A 87.62 10.40 1.98 91.36 7.73 0.91 
C-4A 87.63 11.31 1.06 90.24 9.38 0.38 
C-5A 85.79 13.57 0.64 89.60 9.74 0.66 
C-6A 85.71 14.29 0.00 100.00 0.00 0.00 
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TABLE6 
AVERAGE TRAFFIC VOLUME BY DAY OF WEEK 
All All Combination 
Day Code Vehicles Trucks Trucks 
1 20311 2272 1640 
2 18141 2567 1932 
3 18480 2686 2069 
4 19472 2618 1955 
5 27784 2445 1807 
6 34542 1722 1221 
7 33612 1482 1016 
TABLE7 
AVERAGE TRAFFIC VOLUME BY HOUR OF DAY 
All All Combination 
Hour Code Vehicles Trucks Trucks 
1 512 88 74 
2 437 88 71 
3 386 82 65 
4 330 78 64 
5 333 80 67 
6 429 7 5  57 
7 621 84 65 
8 754 84 57 
9 923 86 61 
10 1181 103 71 
11 1408 103 66 
12 1495 103 72 
13 1503 108 78 
14 1533 104 68 
15 1569 100 68 
16 1777 109 68 
17 1623 99 70 
18 1498 9 1  63 
19 1574 108 78 
20 1294 97 75 
21 1172 106 80 
22 867 91 71 
23 719 84 68 
24 671 96 76 
22 
Multiple Regression Analyses 
Based on the trends observed in the plotted data, multiple regression equations were derived to obtain the "line 
of best fit". Use was made of a standard, stepwise, multiple regression program in the University of Kentucky 
statistical library (10). This program, called MULTR, satisfactorily provides the data approximations when the 
independent and dependent variables have been defined, 
To approximate lane usage relationships with the use of MULTR, a special coding technique must be employed. 
Since the variable codes used in the data analysis are discrete, such as 1, 2, . . •  , 7 foi day. of the week, etc., use was 
made of a "dummy variable" technique. With this method, the variable codes take on a value of eith.�,;. zero or one 
for each variable considered. If, for the example mentioned above, the second day of the week iS·· the. one to be 
coded, the second variable (variable codes) takes on a value of one and the remaining six ·Variables for "day of week" 
are zero, For "hour of day", twenty-four variables are created. Each of these variables takes on the value of zero 
except for the variable representing the hour of the day in which the data was collected. 
A disadvantage of the dummy variable technique is that only a limited number of independent variables can be 
considered in each multiple regression analysis. This arises from the fact that MULTR is inherently limited to the 
consideration of fifty variables. Since the dummy variable technique considers each variable code as a distinct 
variable, the maximum number of variables that can be analyzed by MULTR depends on the number of variable 
codes for each variable under consideration. Few problems arose in the analyses made in this study since most 
variables were found to be statistically insignificant. 
The selection of this analysis technique tequired the data computer cards to be repunched in the dummy 
variable format (see Figure 15). This transformation was accomplished easily by an appropriate computer program. 
Multiple regression analyses were then rrw.de for the lane distribution data by use of the dummy variable 
technique. Curvilinear trends observed from the CALCOMP data plots were simulated by basic mathematical 
relationships. These alternatives were then considered by MULTR for regression analysis. 
Presentation of Analysis Results 
The results of the multiple regression analyses shows that the dependent variable (lane usage) depends primarily 
on the total one-directional traffic volume. The loss in accuracy due to the consideration of total traffic volume only 
was observed to be very small in all cases. This simplification was consequently adjudged as acceptable. 
Prior to the development of the regression equations presented in Table 8, an analysis for determining the 
statistical significance of the variable "direction of travel" was conducted so that subsequent CALCOMP plots and 
regression analyses could be made independent of this variable. Tests of hypothesis considering the directional lane 
usage percentages as equal were made at the 90-percent level of significance, The results of these tests indicated that 
this variable was not statistically influential on lane usage. For this reason, the variable was not considered in the 
subsequent data analyses. This study not only resulted in the elimination of a statistically insignificant variable, but 
also doubled the number of data sets for analysis purposes. 
Several considerations should be made when the regression equations presented in Table 8 are to be used for 
predictive purposes. In addition to the fact that these results are based on data from specific highway locations, 
these data represent only a portion of the total volume range expected in the future as the ADT increases. This 
means that, although these equations adequately simulate the lane usage relationships ' for the range of data 
considered in the present report, extension of these relationships for traffic volumes beyond these limits should be 
done with care. 
A solution to the.above dilemma can be made by considering the way these relationships become asymptotic as 
the extreme traffic volumes are approached. Lane usage values necessarily fall between zero and 100 percent. 
Observation of vehicles operating at these test sites showed that a proportion of the drivers were consisten t in their 
choice of lanes. Since there were such drivers for all lanes, a constant percentage was approached for each lane at 
each test site for low traffic volumes. For volumes at low levels of service, it is intuitive that there are drivers who 
will switch lanes to obtain higher running speeds and increase driver comfort. This results in similar constant lane 
usage percentages as the capacity of the roadway is approached, 
, 
Because of these driver characteristics, the curves to b� used f�r predictive purposes were constructed 
graphically based on the available data and the indicated asymptotic trends. The design curves corresponding to the 
regression relationships presented in Table 8 are shown in Figures 17 through 20. The developmen t of these 
relationships graphically , rather than by extension of the regression curves, can be logically rationalized by the fact 
that the lane usage data represented only a portion of the traffic volume spectrum anticipated when capacity is 
approached at these test sites. 
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Site 
'" w 
" " e-1 
� '� � "" 0 ---
" 0 
" 0 e-1 
@ 
T_ABLE 8 
REGRESSION 
Total T:r.affk 
Lane Regression Equation 
SL Y = 96.96-6.386xlo-2X+2.209xlo-5x2 
ML Y = 3.04+6.386xlo-2X-2.209xl0·5x2 
SL Y = 3 3 . 1 5-5.12x1 o-3X+2194.0/X 
CL Y = 50.15-6.945xl04[X2-2.645xlO-llX2 
ML Y = 7.04+1.539xi0·2x 
X = hourly, one·directionai traffic volume 
Y = percent of traffic in lane 
0.8676 
0.8676 
0.5242 
0.1322 
0.7980 
Truck 'I'ra.ffic 
Reg:resslon Eq u.atlion R2 
Y = 96.138-4.216xlo-llx2 0.1947 
Y = 3.862+4.216x10{)X2 0,194? 
Y = 86.18-6.65xlo-3X-678.11X 0.0581 
Y = 13.14+5.98xlo-3X+668.6/X 0.0507 
Y = 1.012�1 2.07iX2+3.073xl0-7x2 OJ:.i223 
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Figure 17. Lane Distribution of All Traffic (Four-Lane Site) 
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Figure 18. Lane Distribution of Trucks (Four-Lane Site) 
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Figure 19.  Lane Distribution of All Traffic (Six-Lane Site) 
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Figure 20. Lane Distribution of Trucks (Six-Lane Site) 
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DISCUSSION OF RESULTS 
The lane distribution data included in the CALCOMP plots presented in the previous chapter illustrated that a 
relatively large amount of variation existed between hourly counts. These plots further indicated that this scatter 
increased dramatically as the hourly traffic volume increased. In general, this scatter of data can be explained by the 
fact that a driver's choice of lane is restricted to a greater extent in the higher volume range. This restriction 
subsequently results in a greater consistency in relative lane volume percentages in the higher volume ranges. 
Hourly traffic volumes at both test sites were at a high level of service. At the four-lane test site, nighttime 
volumes were at level of service A ,  whereas daytime volumes were between levels A and B. Only two hourly volume 
values during the week indicated that a level of service C was being provided for the traffic. Traffic observed at the 
six-lane test site was consistently operating at a level of service A. Traffic operated at a level of service B, for only 
brief intervals during the weekend. This level of service indicates that only a portion of the total possible hourly 
volume spectrum was observed at the test locations. A concentration of hourly volumes in the low volume range was 
anticipated at both test site locations since the freeway under consideration has used only a small portion of its 
design operational life. This is true of all rural multilane freeways operating in Kentucky at the present time. 
Because of the large disparity of lane usage and traffic volume values, procedures for analyzing the data 
graphically were thought to be highly advantageous. Such procedures were found to be particularly useful in 
preliminary data analyses. In addition to establishing the numerical limits of the data, the plots illustrated the basic 
variable relationships graphically. 
Graphical techniques for developing finalized design criteria were partially exonerated by the results presented 
in the previous chapter. Traffic operational design .criteria are necessarily neither maximum nor minimum. It is 
unreasonable to design tl'ansportation systems for a continuous high level of service throughout its useful life. 
Likewise, any public system must be constructed to provide reasonably efficient operation. Compromise design 
criteria are clearly indicated. A basis for selecting this criteria may be the benefit-cost relationship. Graphical analysis 
tools are amenable to the compromise since the "scatter" of the data is depicted. 
MULTR 
The variation in and the quantity of lane usage data were instrumental in the selection of a step-wise multiple 
regression technique for developing the central tendency and variation of lane usage relationships. Multiple 
regression techniques were applied to the data by use of a canned program entitled MULTR ( 1 0) , chosen because of 
its analysis capabilities and because of the amenability of the lane distribution data as program input. 
The availability of only low-volume traffic information at the sites required that the selection of mathematical 
models for input into MULTR be made independently of B.nticipated variable relationships. Four basic mathematical 
relationships were considered in the analyses : 1) X, 2) 1/X, 3) x2, 4) l/X2, These four variables were combined 
additively to give the original model. This equation was subsequently simplified in each case based on the statistical 
significance of the individual variable as determined by the relative coefficients of determination ( R2).  
To arrive at the four basic mathematical relationships used, an overall prediction of lane usage employing all 
variables for prediction was used. This allowed day of week, hour of day, and direction to be considered in the 
predictive techniques. This was accomplished through the "dummy variable" technique described earlier. For the 
six-lane data, with all variables considered, including volume, the coefficient of determination was 0.5539 for Lane 
One. Similarly, for four-lane data it was found to be 0.8529. The coefficients of determination for six-lane and 
four-lane predictions of Lane One, using only volume as a dependent variable were 0.5242 and 0.8676. In the 
six-lane case, there was no significant loss of accuracy in using only volume. In the four-lane case, there was actually 
a small increase due to employing other forms of volume (such as the squared relation). In predicting lane usage for 
trucks, it was similarly found that volume was the only significant variable. 
With the above fact established, the equations were derived using some relation of hourly volume, and these are 
depicted in Table 8, For the four-lane data, the coefficients of determination were equal for Lanes 1 and 2. To get 
the percent for Lane 2, the Lane 1 percentage was subtracted from 100 percent. The four·lane traffic data are 
depicted in Figures 21 and 22, In the six-lane case the coefficients varied due to scatter of data points shown in 
Figures 23, 24 and 25. These show that in Lane 1 and 3, the traffic behavior was much more uniform and easier to 
predict than for Lane 2.  
The coefficients of determination for truck predictions were very low. This was due to the "scatter" of the data 
illustrated in Figures 26, 27 and 28, The points are so dispersed that no real trend can be noted. The four·lane truck 
data are shown in Figures 29 and 30. 
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'· 
Figure 21. Traffic in Shoulder Lane vs Hourly Volume (Four-Lane Site) 
Figure 22. Traffic in Median Lane vs Hourly Volume (Four-Lane Site) 
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Figure 23. Traffic in Shoulder Lane vs Hourly Volume (Six-Lane Site) 
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Figure 24. Traffic in Center Lane vs Hourly Volume (Six-Lane Site) 
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Figure 25 . Trafficin Median Lane vs Hourly Volume (Six-Lane Site) 
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Figure 26. Trucks in Shoulder Lane vs Hourly Volume (Six-Lane Site) 
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Figure 27. Trucks in Center Lane vs Hourly Volume (Six-Lane Site) 
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Figure 28. Trucks in Median Lane vs Hourly Volume (Six-Lane Site) 
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Figure 29. Trucks in Shoulder Lane vs Hourly Volume (Four-Lane Site) 
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Figure 30. Trucks in Median Lane vs Hourly Volume (Four-Lane Site) 
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Prediction Curves 
Development of relationships for predicting individual lane usage by vehicle classification was based on the 
following observations: 
1. Datawereavailable for only a limited portion of the total possible hourly volume range. 
2, Extreme variation in lane u.<:lage percentages was observerl for low traffic volumes. 
With regard to the first  observation, ac tual vehicle operation at extreme hourly volume rates results in the multiple 
regres sion equations developed in the previous chapter being inappropriate for predic tive purposes for these volumes. 
Lane dis tribution curves intuitively must approach lane usage percentages asymptotically at those extremes , This was 
true for very low traffic volumes since drivers were observed to choose par ticular lanes and remain in these lanes as 
long as a high level of service existed. Even when these drivers changed lanes to pass slower vehicles, they were 
observed to return to the previously traversed lane as soon as possible. 
As traffic volumes approach the capacity of the roadway sec tion (extremely low level of service), the traffic 
will adjust itself so that the vehicle speed and driver comfort relationship is optimized. This situation results in a 
cons tant lane distribution relationship being approached for each specific type of traffic composition. 
Because of the above observations, a predic tive technique involving usage of both the data plots and the 
multiple regression equations was selec ted. The portions of the predic tive curves for which considerable data were 
available were construc ted based on the multiple regression equations. These curves were extended over the range of 
possible traffic volumes by having these curves approach cons tant lane usage percentages asymptotically at extreme 
hourly volumes. These constants were quantitized based on observed data trends as these volumes were approached. 
The results of these analyses are presented in Figures 17 and 20 for four-lane and six-lane highway segments. It is 
recommended that these curves be used for predic tive purposes in all cases. 
Variable Significance 
As previously mentioned, a MULTR analysis of all possible variables was done. MULTR is a s tepwise analysis 
which eliminates variables in order of significance. The firs t  variable eliminated was direction. Hour of the day and 
day of the week were eliminated next and were shown to be of approximately equal significance. By far the most 
significant variable was volume. For six-lane data, the coefficient of determination dropped from 0. 55 to 0.44 with 
elimination of all variables except volume. For four-lane data, it dropped from 0.85 to 0.80, This was only 
considering volume itself. With the addition of volume squared, inverse of volume, and inverse of volume squared, 
the coefficient can be raised to near the level as when all variables were considered. For the most ideal equation, one 
was chosen using only two or less of the above possibilities. 
Although MULTR removed direc tion as an independent variable in predicting lane usage, it was thought 
relevant to jus tify this with a statis tical " t "  test. For 1007 degrees of freedom, the " t" value necessary to throw out 
direc tion with 90 percent confidence was between 1,3 and -1.3. The " t" from the data was 0.23, and therefore 
direc tion was statis tically eliminated. 
It was thought driver behavior was not a function of day of the week but of volume, which can be affec ted by 
day of the week {Figures 31-34). From the data in this s tudy, Friday seems the mos t logical day for lane dis tribution 
s tudies as it appr oached the weekly average. 
Hour of the day also was thought not to affec t lane usage. It, like day of the week, also was shown insignificant 
by MULTR. The most representative hours of the day appears to be the 11th and 20th, as shown by Figures 35 and 
36. It is recommended that these hours be considered as the most representative of all hours. 
To analyze the effects of day and night, Figures 37 and 38 show number of combination trucks versus volume 
and percent of combination trucks versus volume for six-lane data.These data,as did the four-lane data, showed that 
as the hourly volume- changed, the percent of combinations changed while the number of combinations remained 
relatively constant. At night there were much smaller volumes and thus a higher percentage of combinations. 
Figures 39-44 show the hourly counts of automobiles, single unit trucks, and combination trucks for four- and 
six-lane data. The automobiles show a definite trend toward the peak during the day. The single units show 
somewhat of a peak, but it is not as clearly defined. The plot of combinations shows no signs of a peak but only a 
continuous scatter indicating that hour of the day has no influence on its movement.  
In this s tudy several basic vehicle behavior tendencies became apparent. On both the four-lane and six-lane 
facilities, heavy laden vehicles tended to remain in the shoulder lane, as indicated in Figure 45. This allows free 
movement of fas ter moving vehicles in the inside lane or lanes. Another predilec tion toward the shoulder lane 
occurred in situations of low volume (high levels of service), as depic ted in Figure 46. Situations forcing use of the 
median lanes were high congestion {lower level of service) or overtaking of a slower moving vehicle, as in Figure 47. 
When volume was very high, the shoulder lane usage for the four-lane segment was approximately 45 percent of total 
traffic and for the six-lane segment approximately 23 percent. In the four-lane situation, the median lane was 
carrying over half the traffic because this lane had a higher average speed. In the six-lane case, the two inside lanes 
were carrying 77 percent of the traffic -- the middle approximately 39 percent and the median lane about 38 
percent. This indicates that the shoulder lane was carrying heavier, slower traffic, and the inside lanes were serving 
the faster moving vehicles. 
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Figure 36. Hour of Day vs Hourly Volume (Six-Lane Site) 
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Figure 37. Number of Combination Trucks vs Hourly Volume (Six-Lane Site) 
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Figure 38. Percent of Combination Trucks vs Hourly Volume (Six-Lane Site) 
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Figure 39. Number of Automobiles vs Hour of Day (Four·Lane Site) 
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Figure 40. Number of Single Unit Trucks vs Hour of Day (Four·Lane Site) 
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Figure 41. Number of Combination Trucks vs Hour of Day (Four-Lane Site) 
" 
si '� 
C)� ·�o :::5� 
;n 
_, 
;:;;g 
�s QCu 
c- � � �B 1 " rr;e � 
[·J 
" G r_; c ru :z: ['j c � :.z:g 
� 
" ,, 
g 
" [; 
" 
D 
9 
q 
" N IS 
fj c ' 
" E [·J " 'J 2 [1 [] �1 , �� c n 8 p; ' C1 ' i:J 'i " 5 ' - 6 c c f) hl e fj c [] ! ["j ' f) ,; " " H B �') El " tl c " !'l � � R ;;; f1 8 " [j c � rJ ,, c ' c FJ " PJ E{ " 8 f,j CJ [J " � ,, ,, [J " 5 f·l " r.� 0 " 
� i � fJ 
c i·i s � til c �1 (·.1 ;J rq 
� 
" " ' p t1 IJ " 
� 0 f.i " " !'l " � C.i ru 
�·ij,OQ j (I [I -+---.;+-----1 �.('� .DO J.('Q l.i .00 :l, ,,� l�.('·C :7.0C1 : �  l'C' ,'i , (.[' n. c·c' ;.:_, . ('::� HllJf': C1F 1 'lt [l;:,·r 
Figure 42. Number of Automobiles vs Hour of Day (Six-Lane Site) 
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Figure 45. Heavy Vehicles in Shoulder Lane 
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Figure 46. Uses of Shoulder Lane 
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Figure 47. Uses of Center Lane 
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Figure 48. Uses of Center Lane 
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As indicated frOm the coefficient of determination, the middle lane of six·lane facilities waS the most difficult 
to predict. The sporadic use of this lane-is illustrated in Figure 48. This shoWs some passenger cars, some trucks, and 
some cars with trailers using this lane. This can be dependent on driver comfort, weather, or overtaking and passing. 
The lane usage of the larger trucks was dependent on volume and possibly amount of tonnage being carried. 
Miscellaneous Information 
A limited amount of supplemental information was recorded during the data collection period.These 
miscellaneous data were taken in anticipation that it would be useful in analyzing certain lane usage trends and in 
describing vehicular operation at the selected test sites. Very little use was made of this information in explaining 
lane usage trends. However, sOme of these supplemental findings are enumerated below. 
Trucks Op'erating in Pairs. Numerous observations were made of pairs of commercial vehicles from the same 
company running together. This observation, plus the fact that the commercial vehicles have lower average running 
speeds, resulted in truck traffic operating in queues more often than with automobile traffic. This queuing effect is 
believed to contribute strongly to the wide variation in hourly lane volume and in the total volumes observed during 
the test period. 
Climatic Conditions. Hard rains and winds were experienced at brief intervals during the data acquisition 
period. Observation of the traffic during these periods indicated that drivers have a tendency to slow down and move 
to the shoulder lane. Although these time periods were brief, they do indicate that weather conditions do influence 
(to varying degrees) the distribution of traffic by lane. 
Lateral Restriction. Lane changes were Often made as a result of such lateral influences as 1} maintenance work, 
2) vehicle parked on shoulder, or 3} slow· moving army convoys. The most significant of the above influences was 
vehicles parked on the shoulders. Sixteen autos and two trucks stopped on the shoulders within 200 feet of each test 
section during the study period. These stops ranged from a duration of less than one minute to more than one hour. 
Major reasons for stopping included: 1) mechanical trouble with vehicle, 2) change of drivers, 3) heavy rain, and 4) 
traffic violations. 
When one or more vehicles pulled onto the shoulder, a noticeable change in vehicle operation was observed. In 
almost all ca,ses, the majority of the traffic in the outside (shoulder) lane changed to an inner lane. As soon as the 
stopped vehicle re·entered the traffic stream, the traffic reverted to its usual lane distribution. 
Vehicle Operational Characteristics 
The vehiclemtype classification system used in this study was developed by selecting vehicle classes that were 
distinct yet reasonably consistent. Additional information was recorded concerning some of the distinctive 
characteristics of some o f  the vehicle types, Analysis of these data resulted in the following findings: 
1 .  47, 1 5 ,  and 4 percent of the C-3A, C-4A, and C-5A vehicles, respectively, were found to be auto 
transports. 
2 .  A large proportion o f  the remaining C·3A vehicles either were moving vans· or carried furniture. 
3 ,  Approximately 5 2  percent of a sample of 109 flatbed trucks were loaded. 
4. All combination six-axled trucks had flatbeds; All that were loaded contained odd·sized loads. 
5. Many SU-3A trucks were truck tractors, 
6. Two 41double bottom" trucks were observed during the test period. One truck had a total of five axles and 
one had six axles. 
7. Additional unique vehicles observed included a three·axled limousine, a single·unit four-axled truck, a 
combination seven-axled truck, and a combination nine·axled truck. 
Application of Lane Usage Curves 
Three direct uses of lane distribution curves for design consideration are : 
1 .  Modification of design EAL's for multilane highways for pavement design, 
2 .  Development o f  equivalent truck factors. 
3.  Development of optimum lane-striping procedures, 
The present study was generated from a study completed recently by the Division of Research concerning 
predictions of EAL's for flexible pavement design (1) . Kentucky's present method for predicting design EAL's 
assumes that all EAL's are accumulated in the outside (shoulder) lane. Since commercial vehicles provide the major 
EAL contribution, the primary interest for flexible pavement design for multilane highways concern the lateral 
distribution of commercial vehicles. 
For strength considerations, only the EAL's accumulated in a particular lane contribute to the fatigue of that 
lane. The results obtained from the present study can consequently be used for obtaining these EAL distributions, 
These statements must be qualified if usable results are to be obtained. Commercial vehicles normally stay in the 
shoulder lane on multilane highways if the pavement roughness of each lane is reasonably similar. These vehicles 
were observed in the inside l!ine(s), primarily for passing purposes. The greater speeds of the passing vehicles point 
to the possibility that these vehicles may weigh less on the ' average than those being passed. Discernment of 
differential loading levels visually was impossible. This means that the direct reduction of the design EAL's by lane 
distribution percentages would probably result in a maximum reduction factor. If this factor seems significant, 
further tests should be conducted concerning average EAL's per vehicle for each vehicle type by lane. 
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Lane distrib!�tion data can be useful in establishing traffic operational characteristics. For multilane highways 
operating near capacity, the equivalent passenger car volumes for each lane should be equal. If this is not the case, 
movement of the lane strip laterally to provide an incentive for the appropriate lane volume adjustment should be 
considered. This modification would result in an increased level of service for the same traffic volume, or visa versa. 
Equivalent passenger car factors can be obtained on multilane highways operating near capacity by considering 
the lane distribution by vehicle type. The average equivalent passenger car factor (E) can be found for a four�lane 
highway section by solving Equation 2 for E, 
2 
where A and T are the auto and truck volumes in Lanes 1 and 2, respectively. Equation 2 can be modified so that 
each vehicle type equivalent auto factor can be computed. Such a determination should be made statistically and 
consequently would require a large set of lane distribution data for a facility operating near capacity. 
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